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Tunneling between edge states in the quantum Hall regime limited by a mesoscopic island:
A current-plateau phenomenon

Z. H. Liu, G. Nachtwei, J. Groß, R. R. Gerhardts, J. Weis, K. von Klitzing, and K. Eberl
Max-Planck-Institut fu¨r Festkörperforschung, Heisenbergstraße 1, D-70569 Stuttgart, Germany

~Received 23 March 1998!

Well-developed current plateaus have been observed in theI -V characteristics of Corbino devices in the
quantum Hall regime, if a striplike island of mesoscopic dimensions is located between two trench fingers
which are etched radially between the central and outer Ohmic contacts. The trenches are 100 nm wide and
define, together with the island, two constrictions of 550–700-nm width. The current plateaus are due to a
limitation of the tunneling rate by the filling of nonequilibrium states around the island. The evolution of the
current plateaus with the filling factor is qualitatively explained by quasielastic inter-Landau-level tunneling.
The latter mechanism determines the onset of the tunneling-current plateau, which extends until the complete
local breakdown of the quantum Hall regime around the island is reached. We investigated this tunneling
phenomenon as a function of the temperature in the range from 23 mK to 2.1 K, and for various sizes of the
island, ranging from 1003250 nm2 to 100 nm38 mm. The plateaus were better pronounced, the lower the
temperature and the smaller the island was. To explain the observed tunneling-current plateaus, we suggest a
picture including the properties of the edge states~near the trenches and around the island! and the incom-
pressible quantum Hall region in between them.@S0163-1829~98!04731-6#
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I. INTRODUCTION

In two-dimensional electron systems~2DES! with lateral
confinement, edge channels form near the boundarie
quantizing magnetic fields.1 These edge channels can dom
nate the electronic transport2 and provide a possible explana
tion for the quantum Hall effect~QHE!,3,4 and a variety of
related phenomena~for an overview, see Ref. 5!. Therefore,
tunneling between edge states was extensively investig
both theoretically and experimentally~see also Ref. 5!.

Recently, tunneling between edge states of a device w
contains an antidot in the middle of a mesoscopic const
tion was investigated.6–8 At very low excitations, Aharonov-
Bohm ~AB! oscillations were observable in th
conductivity.6–8

We have patterned a similar structure on a Corbino
vice, and investigated the current-voltage characteristic
the QH regime. No tunneling current was observable at sm
source-drain voltages. This is due to the formation of inco
pressible regions~insulating barriers! between the compress
ible edge states near the trenches and around the islan
between at integer filling factors.9 At higher voltages, we
observed well-developed current steps in theI -V character-
istics of such an arrangement, which we attribute to a lim
tation of the tunneling current by the charging of nonequil
rium states around the island.

The main differences of our study from the experime
of Refs. 6–8 on similar constrictions are the size of the
ject in between the two trenches~longer in our case! and the
mode of operation, which works far from equilibrium by th
application of high local electric fields instead of aiming
the AB effect. To realize this mode of operation, the co
striction had to be wide enough to provide a stable QH c
rent path at lower voltages, but small enough to allow tu
neling at higher voltages. Thus the tunneling is effectiv
PRB 580163-1829/98/58~7!/4028~7!/$15.00
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suppressed up to rather large source-drain voltages, and
onset of current flow is far beyond the range where the
effect is observable.

II. SAMPLES

All devices were fabricated from two Ga12xAl xAs/GaAs
heterostructures containing a 2DES, with different densi
ns and mobilitiesmH (ns52.231011 cm22, mH58.03105

cm2/V s for sample I; andns53.131011 cm22, mH51.3
3105 cm2/V s for the three samples of sample set II!. Figure
1 shows the scheme of the device: in a Corbino ring wit
channel width of 75mm, two trench fingers with a width o
about 100 nm in the narrowest region are etched radi
between the central and outer Ohmic contacts, definin
small constriction with widths of 1.5mm ~sample I!, 1.2mm
~samples IIa and IIc!, and 2.1mm ~sample IIb!. An oval
antidot with a size of 1003300 nm2 ~sample I! is etched in
the center of the constriction, with the long direction perpe
dicular to the trench fingers~Fig. 1!. The island of the
samples of set II have a width of 100 nm and variab
lengths of 250 nm~sample IIa!, 1 mm ~sample IIb!, and 8
mm ~sample IIc!, oriented either along~sample IIb! or per-
pendicular~samples IIa and IIc! to the trench finger direc-
tion. The whole pattern was prepared by electron-beam
thography, followed by reactive ion etching. The etching w
performed to a depth of about 100 nm to ensure a comp
removing of the 2DES~the Si doping layer was located at 6
nm below the cap layer! in the pattern region. In the QH
regime, this arrangement represents a tunneling device:
compressible strips surrounding the two trench fingers, be
either in contact with the central or outer Ohmic contacts
the Corbino ring, form the source and the drain contact. T
island provides electronic states which are isolated from
4028 © 1998 The American Physical Society
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PRB 58 4029TUNNELING BETWEEN EDGE STATES IN THE . . .
source and the drain contact by incompressible regions,
are capable of storing electronic charges. The Corbino ge
etry allows for a direct measurement of the tunneling curr
between the source and the drain contact.

III. EXPERIMENTS

The dcI -V measurements were performed in a3He-4He
dilution refrigerator with a base temperature of 23 m
~sample I!, and in a conventional4He cryostat with tempera
tures down to 1.3 K~samples of set II!. All samples were
briefly illuminated with a red light-emitting diode at the tem
perature ofT51.3 K, increasing the electron density tons
52.631011 cm22 ~sample I! andns5(3.7– 4.0)31011 cm22

~samples of set II!. The increased carrier density was fou
to be persistent during the measurements, which were
formed in the dark. The illumination is essential for an a
propriate adjustment of the confinement potential near
sample boundaries, as explained in Sec. IV of this pa
Figure 2~a! shows theI -V characteristic of sample I atn
52 (B55.35 T! and T523 mK, wheren5nsh/eB is the
filling factor. The trace exhibits well-developed curre
steps, withuVsdu onset values between 30 and 40 mV, a
with current step heightsuDI u between 3.0 and 4.0 nA. Th
trace @Fig. 2~a!# did not depend on the sweep rate, and
obvious hysteresis was observed in both sweep direction
Fig. 2~b!, the I -V characteristics of sample IIa, measured
n52 (B58.20 T! andT51.3 K, show a current step atVsd
'233 mV with a step heightDI of about23.7 nA. A slight
hysteresis is visible at largeruVsdu voltages@Fig. 2~b!#. A
pronounced asymmetry of theI -V characteristics, in particu
lar concerning the shape of the current plateaus, is obs
able with respect to the current polarity@Figs. 2~a! and 2~b!#.
We attribute this asymmetry, which was found even m

FIG. 1. ~a! Scheme of the device: two trench fingers and
antidot ~black regions! are etched between the central Ohmic co
tact and outer Ohmic contact~grey regions! of a Corbino ring.~b!
Enlarged view of the part in the dashed line box marked in~a!.
Compressible edge strips atn52 and the measurement setup a
shown. Below: scanning electron microscope image of the pat
~sample I!.
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pronounced in all samples of set II@Figs. 2~b! and 6# to
asymmetric tunneling barriers, which are typical in such
mesoscopic system.

In contrast to the formation of current plateaus in samp
with a constriction and an island, for the reference samp
~i.e., Corbino rings without constriction on the same chip
sample II!, an abrupt onset of the QHE breakdown atn52
occurs at a much higheruVsdu @in the range between 500 an
600 mV; see Fig. 3~a!#. We did not observe current plateau

-

rn

FIG. 2. I -V characteristics of the Corbino samples atn52: ~a!
sample I~T523 mK,B55.35 T!; ~b! sample IIa~T51.3 K, B58.20
T!. Insets: Shubnikov–de Haas curves for the samples aroundn52.

FIG. 3. I -V characteristics atn52 of reference Corbino sample
on the same chip as sample set II, measured atT51.3 K: ~a! unpat-
terned Corbino sample with channel width of 75mm ~B58.18 T!;
~b! Corbino sample with a single constriction of 550 nm wid
~B58.0 T!. Insets: Shubnikov–de Haas curves for the samp
aroundn52.
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4030 PRB 58LIU, NACHTWEI, GROß, GERHARDTS, WEIS, von KLITZING, AND EBERL
for samples with a single constriction of different widths b
without the antidot island. In Fig. 3~b!, a typicalI -V charac-
teristic of samples with a single constriction of 550-nm wid
is shown. The breakdown was found atuVsdu values of about
20–30 mV, and no current plateau was observable. The
den current onset in these samples is due to a local br
down of the QHE. The comparison of theI -V characteristics
of our three sample types~Corbino device without constric
tion, with a single constriction only and with a constrictio
and an island! gives evidence that the source-drain curre
onset of our patterned devices originates from a breakd
of the QHE close to the constriction. Interestingly, an app
ently similar sudden onset of source-drain current in theI -V
characteristic was observed in the tunneling across a su
cron trench in a 2DES at zero magnetic field.10 However, the
similarities concern only the appearance of the effect, as
experiments by Pillinget al. were explained by a sudde
onset of charge transfer via a deeper 2D layer due to fi
emission under a permanent illumination.10 In our case, the
onset of current flow near the constriction of the Corbi
samples is due to the nonequilibrium population of high
Landau levels.11–13 We attribute the observed current pl
teaus in the corresponding devices to a limitation of the t
neling current by the electron states around the island, wh
act as a ‘‘bottleneck’’ for the electronic transport.

In Fig. 4, the evolution of theI -V characteristics of
sample I with either magnetic field or the back-gate volta
clearly shows that it is the bulk filling factor of the incom
pressible regions in between the antidot and the trench
gers which define the barrier properties of our tunneling
vices. A slight decrease of the filling factor by increasi
the magnetic field according toDn52nDB/B, or by
decreasing the back-gate voltage according toDn
5(h/e2B)cbgDVg(cbg'4.031027 F/m2 is the capacitance
per unit area between the back-gate and the 2DES!, leads to
higher uVsdu onsets and smaller step height valuesuDI u, re-
spectively, as shown in Figs. 4 and 5. A reduction of t

FIG. 4. Evolution of theI -V characteristics of sample I nea
n52 ~T523 mK!: ~a! with magnetic fieldB ~steps 5 mT, back-gate
voltageVg50). Thick curve:B55.35 T, i.e.,n52. ~b! With back-
gate voltageVg ~step 0.5 V;B55.35 T kept fixed!. Thick curve:
Vg50, i.e., n52. For clarity, the traces in~a! and ~b! are plotted
with a vertical offset.
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filling factor by less than 0.6%, corresponding to an incre
of magnetic field from 5.35 to 5.38 T@Fig. 4~a!#, or to ap-
plying a back-gate voltage of26.0 V @Fig. 4~b!#, results in a
complete disappearance of the current steps. The evolu
of the I -V characteristics with the filling factor or the mag
netic field, respectively, behave qualitatively similarly for th
samples of sample set II, as shown in Fig. 6. The three se
curves correspond to three different sizes and orientation
the island inside the constriction, as depicted in the inset
Figs. 6~a!–6~c!. For all samples, the current onset shifts
higher uVsdu values with increasing magnetic field~decreas-
ing filling factor!. The presence of the current plateau with
a very narrow range of filling factors~1.5%–2.5%!, which is
typically a factor of 10 smaller than the QH plateau width,
also common for all samples. As clearly visible in particu
from the evolution of the curves of Fig. 6~a!, the filling factor
range, where current plateaus occur, includes the inte
value and values slightly above. This means that the lo
Fermi energy of the incompressible QH state between
trenches and the island lies in the middle or slightly abo
the middle between two Landau levels. Also common for
samples is theuVsdu range, in which current steps occur~a
current onset between about 25 and 40 mV, and a comp
breakdown between about 55 and 65 mV!. This is remark-
able in view of the very different island sizes and orien
tions of the samples. The only common parameter of
samples is the constriction width of 23550 nm2, which ob-
viously determines the complete breakdown atuVsdu'60 mV
~in accordance with the breakdown at a single constriction
550-nm width for uVsdu'20– 30 mV!. The relation of the
current step onset to the sample parameters is far more c
plicated, and will be discussed below. The height of the c
rent step,uDI u, was found between 3 and 5 nA for the sma
islands 1003300 nm2 or 1003250 nm2 for samples I and IIa,
and between 6 and 8 nA for the larger islands 100 nm3~1–8!
mm for samples IIb and IIc. There is a clear trend that t
flatter the plateaus, the smaller the island and the higher
magnetic field~in the middle of then52 QH plateau!. In
particular, sample IIa, with the smallest island and the hi
est electron density, shows a completely flat current plat
with a constant tunneling current of23.7 nA over auVsdu

FIG. 5. The current step’s onsetVsd
on ~a! and the absolute curren

step heightuDI u ~b! as a function ofDn/n. The data points are
analyzed from the current steps in the negativeVsd side in Fig. 4~a!
~solid squares,Dn/n52DB/B) and in Fig. 4~b! ~open circles,
Dn/n5(h/ne2B)•cbgDVg). The circles fit well with the squares
yielding cbg'4.031027 F/m2.
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range of about 20 mV@see the curves in Fig. 2~b!#. We will
return to this point later.

To obtain a deeper insight into the physical nature of
current steps observed, we have investigated their temp
ture dependence. For sample I, theI -V characteristics at a
fixed magnetic field ofB55.31 T @the range of magnetic
field where the current step occurs~see Fig. 4! was shifted
about 40 mT to the lower magnetic field side after the sec
measurement cycle between 23 mK and 1.4 K# are shown in
Fig. 7~a! for different temperatures in the range 23 mK<T
<1.4 K. Obviously, the current step becomes smoother,
onset shifts to loweruVsdu values, and the step heightuDI u
increases with temperature. The same tendency applie
sample IIb, as visible from the plots in Fig. 7~b! ~T51.8 K!
and ~c! ~T52.1 K!. Moreover, the filling factor range, in
which current steps occur, shrinks from 1.8% atT51.3 K to
about 0.5% atT52.1 K. As visible from the inset of Fig

FIG. 6. Evolution of theI -V characteristics of sample set II ne
n52 with magnetic fieldB at T51.3 K: ~a! sample IIa;~b! sample
IIb; ~c! sample IIc. For the traces from bottom to top,B varies from
8.04 to 8.28 T~10-mT steps! in ~a!; from 7.46 to 7.58 T~5-mT
steps! in ~b!; and from 7.58 to 7.77 T~10-mT steps! in ~c!. For
clarity the traces in~a!, ~b!, and~c! are plotted with a vertical offset
The current step onsets occur atVsd values between225 and240
mV in ~a!, and between 25 and 40 mV in~b! and ~c!, with step
heightsDI between23 and25 nA in ~a! and between 6 and 8 nA
in ~b! and~c!. Three insets indicate the island geometry. The isla
are of 100-nm width, with lengths of 250 nm in~a!, 1 mm in ~b!,
and 8mm in ~c!.
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7~c!, the width of the QH plateau is far less reduced by t
same change of temperature. As the current steps also o
only in a filling factor range which is only one-tenth of th
QH plateau width, the observed tunneling effect is app
ently far more sensitive to external parameters than the Q
itself.

IV. CONCLUSIONS

The evolution of the current steps with the filling fact
suggests that the source-drain current onset is induced b
quasielastic tunneling between Landau levels@so-called
quasielastic inter-Landau-level scattering~QUILLS!, see
Ref. 11#. According to this model, tunneling of electron
from the highest occupied LL into the lowest empty LL ca
be induced by a large Hall field, causing the onset of
QHE breakdown. In Corbino devices, the source-drain v
age is equivalent to the Hall voltage. The QUILLS proce
predicts a critical electric field of the QHE breakdownFcr
}\vc /elB}B3/2 @\vc is the Landau gap, andl B

s

FIG. 7. ~a! I -V characteristics of sample I atB55.31 T ~n52!
for temperatures of 23 mK, 0.59 K, and 1.4 K. In~b! and ~c!, I -V
characteristics of sample IIb at temperatures ofT51.8 K and 2.1 K
are shown. For clarity, the traces in~b! and ~c! are plotted with a
vertical offset. For traces from bottom to top, the magnetic fieldB
varies from 7.410 to 7.475 T~5-mT steps! in ~b!, and from 7.410 to
7.445 T~5-mT steps! in ~c!. Inset in~c!: Shubnikov–de Haas curve
of sample IIb nearn52 at temperatures of 1.3 and 2.1 K.
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5(\/eB)1/2 is the magnetic length# as observed by Kawaj
et al.14 For our devices, the QUILLS should occur first in th
constriction region, due to the highest radial electric fie
there. Figure 8~a! shows a typical QUILLS process occurrin
at the local Fermi level. In the vicinity ofn52 and at a fixed
Vsd around the current step onset, a slight decrease of
filling factor results in a wider effective tunneling barrier
the local Fermi level, and therefore in a lower tunneling ra
which decreases according to 1/tel}exp(2aDr 2) ~with a as
a parameter related to the scattering process andDr as the
distance between initial and final edge state for
tunneling15,16!. Thus, with decreasing filling factor, the ons
of the current step is expected to shift to a higheruVsdu,
accompanied by the step height settling on a lower va
This behavior is just as demonstrated by the data~see Figs.
4–6!. The strong dependence of the tunneling rate onDr
implies a drastic influence of the steepness of the confi
ment potential near the trenches on the tunneling proce17

This may explain the observed sensitivity of the formation
current plateaus to illumination, which increases the car
density and thus the steepness of the confinement. The l
results in reducedDr values, and hence in an increase of t
tunneling rate.

Based on the above arguments, we propose a more co
ent picture for our system, combining the QUILLS proce

FIG. 8. ~a! Decrease of the filling factor nearn52, causing a
wider effective tunneling barrier for a typical QUILLS at the loc
Fermi level is illustrated. Spin splitting is neglected.~b! Scheme of
the LL bending in the constriction between source and drain
finite Vsd, with ms andmd the chemical potentials of the source a
drain. The dash-dotted line represents the local Fermi energy. S
circles represent occupied states in ann50 spin-split LL, and open
circles represent empty states in then50 and 1 spin-split LL. Grey
circles at the island represent the additional electrons occupying
electron states around the antidot.~c! Proposed equivalent electri
circuit of the system, withbs , ba1 , ba2 , and bd for the four
QUILLS barriers, and withR1 andR2 for the effective resistance
for the excited electrons in then51 LL.
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and the limitation of the tunneling current by the stat
around the island. As schematically described in Fig. 8~b!,
the electrostatic potential profile between the two trench
gers and the antidot is strongly nonlinear in the QH regime18

The major part of theVsd drop occurs near the two trenc
fingers at the barriersbs and bd , i.e., the electric field is
strongest atbs and bd .18 Therefore, near the onset of th
current steps, the QUILLS process occurs first at the sou
region bs , injecting the electrons from the compressib
strips at the source region into the state of then51 LL,
which are empty in case of zeroVsd bias. Driven by the
strong radial source-drain electric field, these injected ‘‘ho
electrons travel diffusively under energy relaxation with
then51 LL toward the island in then51 LL. At barrierba1 ,
they relax and occupy the electron states around the isl
The occupation of these island states@depicted as grey
circles in Fig. 8~b!# by electrons from then51 LL is ener-
getically favorable until all the states around the island
filled by the electrons up to the energy level of then51 LL.
Due to the strong dependence of the tunneling rate accor
to 1/tel}exp(2aDr 2), tunneling is favorable for electron
in the energetically uppermost position, i.e., near then51 LL
where the tunneling distance is the least. In the energy in
val EF,E,En51 LL , the tunneling rate to and from islan
states decreases drastically with energy. This means that
the uppermost populated nonequilibrium states, which
fixed at about\vc/2 above the local Fermi level, can provid
a significant contribution to the tunneling current. ‘‘Hot’’
electron transport in then51 LL around the island is sup
pressed by cold regions separating the hot spots~see below
and Fig. 9!. This is the ‘‘bottleneck’’ which limits the tun-
neling current. The electrons tunnel further to the drain in
n51 LL, and finally reach the drain, passing the barrierbd .
Thus a complete tunneling-current path forms betwe
source and drain. In this regime, the current cannot cha
very much with the source-drain voltage, because mos
the Vsd drop occurs near the edges of the two trench fing
@Fig. 8~b!#. Thus, only a weak electrostatic potential chan
occurs at the island, in response to theVsd change across the
whole constriction. The current plateau persists until
complete local breakdown of the QHE around the island
reached. In this case, the electrons populate then51 LL not
only in the areas between the trenches and the island.
stead, the electrons circumvent the island in then51 LL, if
their energy gain rate can balance the energy relaxation
everywhere on their way around the island.

If the island is very small, so that the capacitanceC of the
island states is small enough to fulfill the conditionkBT
,Ec5e2/2C, Coulomb blockade effects19 can additionally
influence the tunneling. This can be important for the tw
samples with the smallest islands of 0.13(0.25– 0.3)mm2.
An estimate of the Coulomb charging energy on the basis
Ec5e2/2C'e2ln(r /r 0)/8p2ee0r (r 0!r ),20 where e513 is
the dielectric constant of GaAs, yieldsEc'200 meV, which
is larger than the thermal energykBT'80 meV at T51 K
~with r 0'2l B). The Coulomb gap would restrict the tunne
ing process strictly to the uppermost electron state of
island, instead of including a continuum of states~neverthe-
less, with a drastic suppression of the contribution of dee
states!. This might explain the observed tendency of bet
pronounced steps with shrinking island size. However,
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PRB 58 4033TUNNELING BETWEEN EDGE STATES IN THE . . .
clear demonstration of the current step at rather large isla
shows that the Coulomb blockade is not an inevitable con
tion for the effect.

The system can be depicted by an equivalent circuit
presented in Fig. 8~c!: the QUILLS processes are represent
by the four tunneling barriers marked bybs , ba1 , ba2 , and
bd . The transport of the electrons in then51 LL betweenbs
and ba1 , and betweenba2 and bd are represented by resis
tancesR1 andR2 , respectively. All the barriers and the re
sistances depend on the filling factor, theVsd bias and the
detailed potential profile in the constriction.

To complete this qualitative picture, we have perform
calculations of the distribution of the current, the potent
and the local energy dissipation inside the constriction w
an antidot island. These calculations were performed wit
a classical model described previously,21 which assumes a

FIG. 9. ~a! Electrochemical potentialf(x,y) for a current flow
through the constriction described in the text, calculated fr
¹•(ŝ@n(r )#•¹f)50. The projection shows the equipotential line
which indicate the direction of the current density sincesyx /sxx

5103. ~b! Distributions of the local dissipation, corresponding
the potential profile shown in~a!. Two separate hot spots~black
regions! are clearly visible between each trench and the isla
Dashed lines define the shape of the constriction and the islan
ds
i-

s

d
,
h
in

local conductivity tensorsmn@n(r )# proportional to the local
electron densityn(r ). To adapt the model to the prese
QHE situation nearn52, a Hall angleu'90°, with tanu
5syx /sxx5103, is chosen. This Hall angle corresponds
the ratio uI c /I sdu of the circular QH currentuI cu5usxyVsdu
and the measured tunneling currentuI sdu, which areuI cu'4
mA and uI sdu'4 nA, respectively.

Sample boundaries, islands, and trench fingers are m
eled by a suppression of the electron density below its c
rent bulk valuenb by Gaussian factors, producingn(x,y)
50 at y56b/2 and atx5y50, andn(r )50.9nb along the
dashed lines in Fig. 9~b!. A small, but finite, value ofsxx , as
present under the experimental conditions, is taken into
count, but nonlinear and quantum effects are neglected.

Figure 9~a! shows the electrochemical potentialf(r )
@corresponding to the dash-dotted line in Fig. 8~b!# calcu-
lated from the continuity equation. Sinceu'90°, the current
density flows along the lines of constantf(r ). The related
distribution of the local energy dissipationsxx(r )@¹f(r )#2

is shown in Fig. 9~b!, where regions with higher dissipatio
appear darker. It is interesting to note that the white regi
with very low dissipation, i.e., practically vanishing curre
density, which surround island and trenches, reach consi
ably beyond the regions with substantially reduced elect
density. This indicates that a more sophisticated local c
ductivity model would yield the same result.21

In Fig. 9~b!, two hot spots, located between the island a
the trenches, are clearly visible. These hot spots are
separated by cold regions, as we assumed for the discus
of the bottleneck limiting the tunneling current. Inside th
hot spots, a stationary occupation of then51 LL by excited
electrons is possible, corresponding to the tunneling re
tancesR1 and R2 of Fig. 8~c!. Thus this model calculation
supports our interpretation of the experimental results. Ho
ever, a quantitative theory of the observedI -V curves, in-
cluding a self-consistent treatment of electrostatic poten
electron density, and current density, and a treatment of n
linear heating as well as quantum-mechanical tunneling
fects, goes far beyond the scope of this model.

V. SUMMARY

In summary, we have studied theI -V characteristics at
filling factors nearn52 of tunneling devices, defined in
Corbino sample by two trench fingers and a mesoscopic
land. Well-developed current steps have been obser
which are attributed to a bottleneck effect of electron sta
around the island limiting the tunneling current. The alte
ation of the current steps with filling factor is explained b
the shift of the Fermi energy in conjunction with quasielas
tunneling between Landau levels near the sample bou
aries. An increase of the temperature and the island’s
leads to a softening of the current plateaus in accorda
with the physical picture suggested.
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